Context. The earliest phases of high-mass star formation are poorly understood. Aims. Our goal is to determine the physical conditions and kinematic structure of massive starforming cloud clumps . Methods. We analyse H 2 O 557 GHz line profiles observed with HIFI toward four positions in two infrared-dark cloud clumps . By comparison with ground-based C 17 O, N 2 H + , CH 3 OH, and NH 3 line observations, we constrain the volume density and kinetic temperature of the gas and estimate the column density and abundance of H 2 O and N 2 H + . Results. The observed water lines are complex with emission and absorption components. The absorption is redshifted and consistent with a cold envelope, while the emission is interpreted as resulting from protostellar outflows. The gas density in the clumps is ∼ 10 7 cm −3 . The o-H 2 O outflow column density is 0.3 − 3.0 × 10 14 cm −2 . The o-H 2 O absorption column density is between 1.5 × 10 14 and 2.6 × 10 15 cm −2 with cold o-H 2 O abundances between 1.5 × 10 −9 and 3.1 × 10 −8 . Conclusions. All clumps have high gas densities (∼ 10 7 cm −3 ) and display infalling gas. Three of the four clumps have outflows. The clumps form an evolutionary sequence as probed by H 2 O N 2 H + , NH 3 , and CH 3 OH. We find that G28-MM is the most evolved, followed by G11-MM and then G28-NH 3 . The least evolved clump is G11-NH 3 which shows no signposts of starformation; G11-NH 3 is a high-mass pre-stellar core.
Introduction
The earliest stages of high-mass star formation are challenging to investigate observationally. Massive stars are rare and typically at large distances and they evolve rapidly during their lifetimes (Mottram et al. 2011) . It is expected that the very beginning of formation is also rapid. In addition, the high extinction and crowded nature of high-mass starforming regions complicate their study. Nevertheless, the formation of high-mass stars is of interest because of their large impact on the Galactic environment (Tan et al. 2014) .
Since the late 1990s, the investigation into the very earliest stages has undergone significant growth, in a large part because of the discovery of the so-called infra-red dark clouds (IRDCs) (Beuther et al. 2007 ). These dark clouds were originally noted in Infrared Space Observatory (Perault et al. 1996) and Midcourse Space eXperiment ) mid-infrared observations of the Galactic Plane. They are easily seen as isolated dark filamentary patches or silhouettes against the bright Galactic Plane. To be optically thick in the mid IR implies high column densities of gas and dust (10 22 cm −2 ; Carey et al. 1998 ). These clouds were not seen in IRAS 100 µm data, and therefore are likely colder than 20 K and at distances of a few to 10 kpc; IRDCs are therefore cold, dense, and massive clouds.
Observations at submm wavelengths (both molecular lines and continuum) not only confirmed the cold, dense, and massive nature of the clouds (Carey et al. 2000; Pillai et al. 2006b,a) , but also identified isolated clumps within the IRDC filaments (Johnstone et al. 2003; Rathborne et al. 2006) . Further studies reveal that within these clumps are cores in the process of starformation (Ragan et al. 2012; Henning et al. 2010; Beuther et al. 2007 , and references therein). The cores often show molecular outflows and/or masers similar to other well-known massive starforming regions. The one main difference is that the forming sources have not yet had time to fully heat up and disrupt their environment (Beuther et al. 2007 ).
1
Recent investigations have focused on obtaining a chemical inventory within samples of IRDCs (Miettinen 2012; Sanhueza et al. 2012 ) to try to identify trends and piece together evolution scenarios (Chen et al. 2010) . High resolution interferometric observations indicate that the starforming cores are often made up of smaller more compact objects pointing to cluster formation as opposed to the formation of a single star Zhang et al. 2009; Wang et al. 2011 Wang et al. , 2014 .
Observations of water transitions in starforming regions with the Herschel Space Observatory have opened a new means of probing the processes occurring during star formation. Water exposes many dynamic effects such as outflows, but water absorp-tion also reveals many foreground clouds . Water abundances are sensitive to temperature as the water sublimates from grain surfaces ) and show very complex structures within massive starforming clumps .
The goal of this paper is to present the results of Herschel-HIFI and APEX observations of a sample of IRDCs clumps at different evolutionary stages and to compare these results with other starforming regions observed by HIFI. This paper presents o-H 2 O 1 10 → 1 01 and C 17 O 3 → 2 observations of four starforming clumps from two different clouds G28.34+0.06 and G11.11-0.12. The active clumps are chosen based on their bright submm continuum (Rathborne et al. 2006 ) while the quiescent clumps are chosen based on their prominent NH 3 line emission (Pillai et al. 2006a) The sources have been relatively well studied in the literature which allows our observations of the clumps to be placed into an existing context.
Figures 1 and 2 show 850 µm images of the two IRDCs 2 . The two clumps in G28.34+0.06 are labelled G28-NH 3 for the position chosen based on NH 3 emission (Pillai et al. 2006a ) and G28-MM for the position chosen based on the strongest submm emission (Rathborne et al. 2006) . Likewise, two positions in G11.11-0.12 are labelled G11-NH 3 (NH 3 peak, Pillai et al. 2006a ) and G11-MM (continuum peak, Rathborne et al. 2006) . Table 1 lists general clump properties. Clump systemic velocity, gas temperature are based on NH 3 observations while clump mass and total column density are based on dust continuum emission (Carey et al. 1998; Pillai et al. 2006b ). Kinematic distances to the clumps are taken from Carey et al. (1998) and are based the radial velocity of molecular line emissions and the galactic rotation curve. The positions and Herschel observations are shown in Table 2 .
The clumps span a range of evolutionary stages. Both G28-MM and G11-MM stand out as prominent point sources in PACS photometry (Ragan et al. 2012) . Both sources are also associated with CH 3 OH and/or H 2 O maser emission (Pillai et al. 2006b; Wang et al. 2008 Wang et al. , 2014 and both are seen to fragment into substructures at high spatial resolution Wang et al. 2014) . A CH 3 OH outflow is observed for G11-MM (Leurini et al. 2007; Gómez et al. 2011; Wang et al. 2014 ) and G28-MM was found to harbour a "hot-core" Zhang et al. (2009) . These clumps are active.
The clump G28-NH 3 was studied together with G28-MM and found to be of a younger evolutionary stage based on deuteration level (Chen et al. 2010) . Neither NH 3 clump is identified in Ragan et al. (2012) . Based on their maps, G28-NH 3 and G11-NH 3 are seen at SPIRE wavelengths but do not stand out as point sources at PACS wavelengths implying low temperatures (< 16 K). These clumps are not active.
In Sect. 2 we give details of the observations and data reduction. The line fitting procedure and results are presented in Sect. 3. The column densities of H 2 O , N 2 H + , C 17 O , and CH 3 OH as well as gas densities based on N 2 H + and CH 3 OH transitions are discussed in Sect. 4. In Sect. 5 the various dynamic structures in the clumps are discussed and an evolutionary sequence is proposed and the H 2 O results are compared with other starforming regions.
2 Data from the SCUBA instrument on The James Clerk Maxwell Telescope are used for this investigation. The JCMT is operated by the Joint Astronomy Centre on behalf of the Science and Technology Facilities Council of the United Kingdom, the Netherlands Organisation for Scientific Research, and the National Research Council of Canada. Every change in colour is roughly an increase of 290 mJy/beam. At the distance of 3.6 kpc, one arcminute is about 1.5 pc. O lines. These observations were repeated at a later date to improve the signal to noise and take advantage of the purified LO chain. Care was taken to make sure that data used in this study do not contain spurs.
The HIFI data were reduced and further analysis performed using the standard HIPE software 3 . The HIFI pipeline included updated beam efficiencies as listed in Roelfsema et al. (2012) . The vertical and horizontal polarization data have been inspected for standing waves and spurious signals separately. Data from OBSID 134194462 have a low level standing wave which was removed using standard processing. Finally, the double sideband data are corrected to single sideband by estimating and subtracting the emission from the image sideband. This procedure is described in Appendix A. The data shown in Fig. 3 show single sideband data.
For the N 2 H + (6 − 5) line in G11.11, only OBSIDs 1342205490 and 1342206660 were used since spurious signals are present in the other observations on these sources. Güsten et al. 2006) 4 using the APEX-2 345 GHz facility receiver (Risacher et al. 2006) . The receiver was tuned to 279.5 (N 2 H + 3-2) and 337.8 (C 17 O 3-2) GHz. As backend the 2×1 GHz facility FFTS spectrometer (Klein et al. 2006 ) was used and the observations included the C 34 S 7-6 and CH 3 OH 7 K -6 K lines along with C 17 O 3-2. To increase the signal-to-noise the resulting spectra were smoothed to a velocity resolution of 0.87 km s −1 . The observations were carried out under excellent weather conditions with PWV of 0.5 mm, leading to DSB system temperatures of about 130 K. The focus was adjusted on Jupiter and the pointing was corrected with continuum cross-scans on the nearby hot core G10.47+0.03. A beam efficiency of 0.73 was applied to convert the data to the T mb scale.
We note that there is a pointing offset up to 22 between the APEX N 2 H + (3-2) observations and the HIFI observations. Although APEX observation falls within the 38 HIFI beam the utility is questionable and is kept to provide an indication of the line strength assuming the emission is extended. The offsets are indicated in Table 4 . Figure 3 shows the observations of the main lines from The emission lines are parametrized by fitting single or multiple Gaussians to the data excluding the absorption features. All the H 2 O emission lines display complex emission lines which are well represented by two broad Gaussian components. Table  4 lists the results of Gaussian fits to each line.
Results
The procedure used to describe the H 2 O and H 18 2 O absorption lines is described below.
Fitting of absorption-emission features
In this work, emission and absorption lines are treated differently. The emission lines are parametrized with single or multiple Gaussian fits. The continuum emission is taken as a first order polynomial. The total emission is the sum of all the components,
where I νcont is the single sideband estimate of the continuum and G ν is the Gaussian parametrized by the intensity I 0 , central frequency ν 0 and width ∆ν 0 for each emission component. The data used to determine these parameters are at frequencies which do not show signs of absorption. The emission lines and continuum are shown in Fig. 4 . The sum of the resulting Gaussian curves and the continuum then represents the total emission.
To measure the absorption lines, the data are normalized by dividing out the total emission. Normalized data are then fit for a Gaussian absorption component. The total absorption is the product of each absorbing component,
where τ ν is itself a Gaussian absorption feature. Figure 5 shows the absorption features in relative units, and the results of the fitting procedure are as follows. The clump G28-NH 3 is well fit by a single absorbing component at 81.4 km s −1 ; G28-MM requires at least two components, one broad component at 79.3 km s −1 and another at 82.8 km s −1 . The main absorption model for G28-MM is not particularly satisfying. The model underestimates the blue absorption and over estimates the red. It does however, provide a sufficient representation of the width and depth of the main absorption. Multiple components for the main feature are possible but are highly degenerate with regards to depth and width without providing more information. We choose for simplicity to retain only one main absorption feature. The clump G11-NH 3 can be well fit Fig. 4 : Water emission seen in three clumps . Emission lines are fit with two Gaussian components (solid green). The continuum is a first order polynomial fit (dashed green). The total emission is the sum of the two components and the continuum (shown in red).
by a broad absorption at 31.2 km s −1 , a fully saturating feature at 33.2 km s −1 and a narrow feature at 37.1 km s −1 . It is notable that the broad absorption is not saturated unlike in the other clumps. The clump G11-MM is reasonably well fit by a broad absorption feature at 30.9 km s −1 and a narrow feature at 37.5 km s −1 .
Analysis

Line velocities
Inspection of Table 4 reveals three different types of molecular lines. The emission lines all appear at or near the systemic velocity of the clumps. The H 18 2 O lines are in absorption at the systemic velocity. The H 2 O absorption features either appear well offset (> 5 km s −1 ) or at the systemic velocity with a redshifted wing. The highly offset lines are presented in Sect. 5.1 while the broad redshifted features will be discussed in more detail in Sect. 5.2.
Line widths
The widths of the H 2 O emission range from 9 km s −1 to 43 km s −1 . Each clump displaying emission lines is best fit by two lines, a broad (9 to 14 km s −1 ) and a very broad (23 to 43 km s −1 ) line. H 2 O absorption lines are usually broader than other molecular line transitions for the clumps. When absorption occurs away from the systemic velocity (for example G11-NH 3 and G11-MM absorption near 37 km s −1 ), the line widths are much narrower (1.5 to 2 km s −1 ) and similar to the absorption in foreground clouds observed by Flagey et al. (2013) . The H 18 2 O line widths are notably narrow (< 2 km s −1 ) and at the systemic velocity.
Transitions of CH 3 OH are detected in both G28-MM and G11-MM. In G28-MM, the data quality is sufficient to detect two emission components, one broad and one intermediate for the transitions CH 3 OH 4 0 → 3 −1 −E, CH 3 OH 7 −1 → 6 −1 −E, and CH 3 OH 7 0+ → 6 0+ −A. The transitions, CH 3 OH 7 2 → 6 2 −E and CH 3 OH 7 −2 → 6 −2 −E are blended. In this case the central velocity is fixed and both lines are fit simultaneously to give the results in Table 4 .
Based on Table 4 it is possible to identify 3 width regimes of lines at the systemic velocity: narrow (<3 km s −1 ), intermediate (3-7 km s −1 ) and broad (>7 km s −1 ). Table 5 places each transition in one of these categories for each clump. (Schöier et al. 2005 ) and the RADEX radiative transfer code (van der Tak et al. 2007 ) based on the line strengths and widths presented in Table  4 . Since only one transition is observed for these species, the kinetic temperature observed for NH 3 (Pillai et al. 2006a ) is used for three different gas densities: 10 5 , 10 6 and 10 7 cm −3 . It is recognized that the application of a uniform density and temperature cannot truly describe the clumps. The RADEX results, however, can provide indications of abundances for comparison with other published results.
Column density from emission lines
As can be seen in Table 6 , the C 17 O emission lines are insensitive to the gas density. The CO column density provides an alternative measure of the total H 2 column density which has been estimated from dust continuum emission in Pillai et al. (2006a) . Taking the canonical C 17 O abundance as 4.8 × 10 −8 (Frerking et al. 1982) , we derive an H 2 column density for the four clumps which is 3 to 7 times lower than the one that is obtained based on dust emission. This underabundance is similar to that found for low mass pre-stellar cores and attributed to CO depletion (Bacmann et al. 2002) . An estimation of the gas density is possible based on analysis of the two different transitions of N 2 H + . The RADEX code is used to determine transition line flux ratios (where flux=width × peak intensity) of N 2 H + (3-2) to N 2 H + (6-5) for isothermal, uniform density and optically thin clouds. Figure 6 shows the temperature vs density trends for the N 2 H + line flux ratios from 10 to 130. At a given gas temperature, the figure can be used to narrow the appropriate range of densities.
The measured flux ratios (and errors) are 110 (26) for G28-NH 3 , 13 (1) for G28-MM, 41 (5) for G11-NH 3 and 40 (2) for G11-MM. The temperatures of the clumps determined from NH 3 are from 12.7 K to 16 K. Clump temperatures around 15K would imply densities between 3 × 10 6 cm −3 to 3 × 10 7 cm −3 . The clumps would have to be significantly warmer (> 25 K) than what is found for NH 3 to support densities of 10 5 cm −3 or lower. The exception to this is G28-MM which has a ratio of only 13, perhaps indicating a warmer interior temperature.
We note that the N 2 H + (3-2) APEX observation is roughly 20 off of the G11-NH 3 position. The analysis followed here can only be used to give a general indication of the density of G11-NH 3 . If the flux ratio is a factor of two higher, the resulting density would be about 10 6 cm −3 .
We have explored the effect of increasing optical depth by increasing the cloud column density in the RADEX calculations by an order of magnitude. An increase in the optical depth will decrease the density by roughly an order of magnitude for a given temperature and line ratio putting the range of densities for the clumps between 3 × 10 5 cm −3 to 3 × 10 6 cm −3 . These densities are consistent with earlier published results on N 2 H + in G28.34+0.06 (Chen et al. 2010 ) and C 34 S in G11-MM (Gómez et al. 2011 ).
The o-H 2 O emission
The H 2 O line profiles are quite different from those of the other lines. When emission is detected (G28-NH 3 , G28-MM, and G11-MM), the line is very broad with line widths of 9 to 45 km s −1 . Like for other high mass H 2 O proto-stellar cores (e.g. van der Tak et al. 2010), our data are better fit by two broad emission components, a broad component from 9 to 15 km s It is difficult to accurately estimate the column density of H 2 O in the outflow. The process giving rise to this component is not quiescent and therefore probably at quite different temperatures and densities than the material seen in NH 3 , N 2 H + or C 34 S. Even C 17 O is following the dense core and not tracing the outflow. In light of these difficulties, we follow the approach of van der and calculate the column density in the outflows assuming that T kin = 200 K and n = 3 × 10 4 cm −3 . These results are shown in Table 7 .
Column density from o-H 2 O absorption
The column density of the absorbing water follows readily from the depth of the line and its width (Plume et al. 2004) . Table  8 shows the column density and abundance of water based on absorption measurements. In some cases, the values listed are lower limits to the column density, since the water absorption lines are close to saturation. Fig. 10 and discussed in Sect. 5.1 below.
The CH 3 OH -E excitation analysis
In the clumps G28-MM and G11-MM CH 3 OH transitions are observed. Using the formalism of Helmich et al. (1994) and Blake et al. (1987) , rotation diagrams of the CH 3 OH transitions can be calculated. The line strength and permanent dipole parameters are taken from Anderson et al. (1990) . The resulting rotation diagrams are shown in Figs. 7 and 8. This analysis assumes optically thin transitions in LTE. We use only the narrower line component of G28-MM. The results indicate a rotation temperature of 10 K to 16 K and a column density of CH 3 OH of 4.0 to 2.6×10 15 cm −2 . With only three data points for G11-MM, the column density of E-CH 3 OH is poorly constrained. Leurini et al. (2007) observed 5 IRDC clumps in CH 3 OH transitions to probe their density and temperature structure. In general they find that clumps need upto three components: an extended component, a core component and an outflow component. One of their clumps is G11-MM. They conclude that two components are needed to describe the emission: extended and core. The kinematic temperatures they derive are 16 − 19 K (extended) and 38 − 54 K (core) They did not observe the 338 GHz band toward this source. The rotation temperature and column density we find is most in agreement with their extended component. Although G28-MM was not observed by Leurini et al. (2007) , the broad CH 3 OH lines that are found here would be classified as an outflow component.
In order to estimate the density of the gas from which the CH 3 OH lines originate, we perform a similar analysis for ratios of CH 3 OH lines as for the ratio of N 2 H + transitions. Choosing the two brightest CH 3 OH transitions 7 −1 −6 −1 and 7 0 −6 0 , line ratios of 0.77 for G28-MM and 0.13 for G11-MM are obtained. We calculate a grid of RADEX models for densities from 10 4 cm −3
to 10 9 cm −3 and gas temperatures from 10 K to 100 K. From Fig.  9 we can see that the ratio of the transitions is relatively insensitive to the gas temperature and that for the observed ratio for G11-MM a density of 3 × 10 6 cm −3 is suggested. For G28-MM , the ratio is quite high which could be indicating that CH 3 OH is originating from a higher temperature component. Nevertheless the analysis is indicating high densities > 10 7 cm −3 .
Discussion
Foreground absorption
Each cloud shows absorption features at velocities 5 km s −1 or more different from the systemic velocity of the cloud. These Fig. 7 : The E-methanol rotation diagram for G28-MM. features are usually narrow and not fully saturated. Examples of such clouds are found in Marseille et al. (2010) and Flagey et al. (2013) . These are taken to be foreground clouds.
Toward G28-NH 3 and G28-MM there is a complex of water absorption features between 0 and 30 km s −1 LSR (see Fig.  10 ). Column densities for these clouds are estimated to be between 1 × 10 12 cm −2 and 4 × 10 13 cm −2 . Both absorption complexes show roughly similar features (deep narrow absorption around 7 to 9 km s −1 , another set around 15 km s −1 and again near 22 km s −1 ). These similar features suggest a common cloud in front of the two clumps with possibly a velocity gradient of a few km s −1 between the two clump positions. In both clumps G11-NH 3 and G11-MM there are features near 37 km s −1 . The difference in velocity from systemic as well as the similar width and column densities of the features, suggests that they also originate from foreground clouds. Table 9 lists the velocities, widths and column densities for all features identified as foreground for o-H 2 O. The widths and column den- Fig. 9 : The CH 3 OH-E ratio plot for densities from 10 4 cm −3 to 10 9 cm −3 and gas temperatures from 10 K to 100 K. Curves of constant flux ratio are shown in blue. The flux ratio value is listed above these curves. The black solid line indicates gas temperatures of 10 K and 20 K which are roughly the kinematic temperatures of the rotation analysis. Fig. 10 sities are very similar to the foreground clouds towards W51 (Flagey et al. 2013 ).
Infall
The H 2 O absorption is systematically redshifted relative to the systemic velocity of each clump. Since this absorption is seen against the dust continuum emission or the very broad H 2 O If interpreted as gas falling toward a central point, we can attempt to estimate the infalling material rate (Beltrán et al. 2006 ). The rate is simply the velocity of gas, V in f all , at a given distance from the centre, R , the density of this gas, n(R) and the molecular weight µ.
assuming that the material is falling from every direction toward the centre of the clump and gives an upper limit to the rate if the infall is not uniform. Three of the four clumps have been observed at high spatial resolution. G28-NH 3 and G28-MM in N 2 H + (3-2) and continuum (Chen et al. 2010 ) and G11-MM in CH 3 OH and C 34 S (Gómez et al. 2011) . None of the high resolution observations identify infalling gas. The H 18 2 O lines are not redshifted and are therefore more associated with the C 34 S, N 2 H + gas. This indicates, therefore, that infalling gas is occurring at larger radii than these observations. We can then use the sizes determined by the high angular resolution observations to provide an upper limit to the infall rate. Table 10 lists these values under the assumption of three different densities. If the clumps have a power law density structure with an index of −2, the infall rate should be roughly constant. If this is the case and given the gas density determined by the N 2 H + and CH 3 OH ratios is estimated to be on the order of 10 6 cm −3 , our best estimate of the infall rate is ∼ 10 −3 M yr −1 . Power laws with index from -1 to -2.5 have been seen observationally and depend on distance from the central source (van der Tak et al. 2000; Beuther et al. 2002) . The adoption of a power law of −2 would significantly over estimate the infall rate at large distances and underestimate the rate at close distances. Clearly a physical structure for the clumps model is needed.
Structure of IRDC clumps
Our observations reveal different dynamical structures. The very broad water lines are readily attributed to molecular outflows. These are a relatively common feature in H 2 O observations of starforming regions (van der Tak et al. 2013; Kristensen et al. 2012) . Outflows are seen toward three of the four clumps. A further inspection of the CH 3 OH data for G28-MM reveals that here too is an outflow in CH 3 OH.
In our sample, intermediate line widths (3-7 km s −1 ) are observed in the more complex molecules. This component is most akin to the envelope reported by van der Tak et al. (2013) and possibly the extended component noted by Leurini et al. (2007) . We will call this the envelope.
The narrow emission lines of C 17 O and N 2 H + and H 18 2 O absorption are consistent with a more quiescent component most akin to the IRDC filament itself (Pillai et al. 2006a; Henshaw et al. 2013 ). We will call this the quiescent outer envelope. It is the stage between the gas and dust swept up into the forming proto-star and the molecular cloud filament (IRDC) Table 11 lays out the various clump components, the properties which distinguish them and the tracers that were used to identify each component.
The H 2 O absorption features have intermediate widths, but in all of the clumps in our sample the H 2 O is redshifted and the absorption is close to completely saturated. It is not obvious where this layer is to be placed relative to the filament and envelope components. There are three possibilities for where this collapsing absorption layer is occurring.
-Since the line width of the collapsing H 2 O is similar to the line width of the more complex molecules like CH 3 OH, perhaps the layer is interior to the "envelope" region. This would be a warm and dense infalling gas. It is difficult to imagine that the absorbing layer spatially covers the entire emitting region to produce saturated absorption lines. -Alternatively, the layer could be between the quiescent outer envelope and the envelope. In this scenario, the central part of the quiescent outer envelope breaks off to fall onto the envelope. Mottram et al. (2013) observed infall from the material surrounding the envelopes of low-mass class 0/I objects. This layer would be intermediate in density between the quiescent outer envelope and the envelope. redshifted wings of other dense tracers like NH 3 , C 17 O, and N 2 H + are not seen. Detailed modelling is needed to assess whether this scenario could reproduce the broad saturated lines.
-A final possibility is that the absorbing layer is due to gas falling onto the quiescent outer envelope from the filament itself. In this scenario, the infalling material is essentially falling onto the clump. Infalling molecular gas onto filaments has been observed onto the DR21 ridge (Schneider et al. 2010) . Since IRDCs are also largely filamentary in nature, it should not be surprising to observe infalling material on IRDC clumps. Presumably, the entire IRDC complex would have shown infalling H 2 O had it been observed. Since the outer layers of the envelopes have significantly lower line widths than the infalling H 2 O, the infalling gas should be relatively low density not to disturb the envelope. This scenario puts the absorbing layer the farthest from the core and dust emission, making it easier to produce saturated absorption. This possibility also provides a natural explanation for the lack of outflow in G11-NH 3 . The collapsing gas seen through the H 2 O absorption is not directly linked with the outflow.
Water in IRDCs
The IRDCs share many similarities with both low mass and high mass proto-stellar objects. The broad H 2 O emission in IRDCs is consistent with observations of high mass and low mass protostellar objects (van der Tak et al. 2013; Kristensen et al. 2012 ).
Unfortunately without a molecular tracer of the outflowing gas, it is not possible to estimate the abundance of H 2 O in the outflow. Further 12 CO observations should provide the necessary information to pin down the abundance within the outflow.
The o-H 2 O absorption features found here are broader than the low mass counterparts (Kristensen et al. 2012; Mottram et al. 2013) ). The source W43-MM1 also shows H 2 O absorption on top of broad emission.
In Table 8 , we estimated the abundance of water vapour. This calculation assumes that all the H 2 column density as obtained by the dust emission is involved in the collapse. The envelope and core components indicate that parts of clump that are not collapsing. Only a fraction of the H 2 column density is involved in the collapse, which makes our estimate of the water vapour abundance a lower limit. To obtain a better estimate of the abundance, observations of an independent tracer of the collapsing material (e.g. from 12 CO or 13 CO) are needed. The water abundance determined from the absorption is consistent with the abundance determined from the low mass source L1544 (Caselli et al. 2012 ). This level is more indicative of cosmic-ray desorption from grain mantles than thermal evaporation from hot dust. In low mass objects this absorption occurs in a surrounding envelope, either infalling or expanding. The clumps in this work generally only display redshifted infalling motions.
Of the four clumps, G11-NH 3 stands out the most in terms of the lack of molecular complexity and outflow activity. In a recent study of IRDC G11.11-0.12, Henning et al. (2010) detected 24 far-infrared (70-140 µm) sources and were able to further constrain the emission properties of G11-MM. In their work, a source near G11-NH 3 is identified, but close inspection places their source no. 8 more than 20 distant from G11-NH 3 (Chavarría 2014 ); G11-NH 3 has no far-infrared counterpart and is therefore a high-mass pre-stellar core.
Conclusions
The main findings in this study are: -For IRDC clumps, H 2 O absorption indicates a low gas phase abundance and is more consistent with desorption of H 2 O from dust grains than by heating, similar to low-mass prestellar cores. -Measurements of H 2 O together with other molecules provide a picture of the structure of massive clumps on the scale of about 1 pc, from outflow, to envelope and quiescent outer envelope, to infalling gas. Based on a detailed analysis of outflow and molecular complexity it is possible to place the clumps in a evolutionary sequence.
1. The clump G28-MM appears to be the most advanced: it is a bright far-infrared source displaying molecular complexity ("hot core"), H 2 O and CH 3 OH masers, outflows in both H 2 O and CH 3 OH lines. 2. The clump G11-MM is also an evolved proto-star,also an identified far-infared source with CH 3 OH masers and outflows in H 2 O and CH 3 OH. 3. The clump G28-NH 3 is not as chemically complex as the submm positions and is not a notable far-infrared source but does display an outflow. 4. The clump G11-NH 3 is the least evolved. It is also not identified in the far-infrared and it does not show out flowing gas, complex molecules nor maser emission.
which contains the frequency of the transition of interest. The "image" sideband refers to the other sideband which is combined in the receiver and ends up in the intermediate frequency. Line absorption occurs against dust and line emission in the source sideband. The double sideband receiver therefore adds line free emission from the image sideband. To correctly calibrate the flux in the source sideband, the continuum flux from the image sideband must be removed. The continuum emission is due to the dust emission and can differ by a few percent between the source and image sidebands which are separated by about 12 GHz. Furthermore, the HIFI mixers in band 1A, are slightly imbalanced also by about a few percent. In the case of the 557 line in band 1A, all the differences between sidebands can result in about a 5% error. Assuming there is no line emission from the image sideband, a separation of source and image sidebands is possible using the latest sideband ratio determination for the 557 line in band 1A (Teyssier & Higgins 2013) and an estimate of the ratio of the dust emission emissivity between the source and image sidebands. For the later, we used the dust grain models of Ossenkopf & Henning (1994) with thick mantles at 10 6 cm −3 . This is the same grain model and dust temperatures used by Pillai et al. (2006b) to determine the dust mass.
The formalism of Flagey et al. (2013) is used to correct for the continuum emission from the image sideband. Each sideband receives a fraction of the emission determined by the sideband gain γ upper or γ lower . The total continuum is then,
where,
Since a dust model and temperature are assumed, the relative contributions from the dust emission is known and a pseudo continuum from the image sideband can be removed. This was done for the H 2 O and H 18 2 O data shown in Fig. 3 . These figures show the resulting single sideband data. Gómez et al. (2011) 
